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 Comparing with the genomics, the proteomics is a more challenging task in the 
post-genomics age, in which the information concerning not only how many protein 
species but also how much of them are present in a proteome in a given biological 
system is not only necessary to understand the process and mechanism of life, but also 
crucial for diagnosis of a disease as well as for subsequent research and development 
of a corresponding biomedicine. In order to solve the new problems emerged in 
proteomics research (such as numerous kinds and types of proteins in a cell and great 
difference of up to 10 orders of magnitude in abundance), new analytical techniques 
and corresponding novel strategies are urgently needed. These developments are 
believed to be an efficient way to perform an accurate protein analysis. Among 
various analytical techniques and methods developed in recent years, mass 
spectrometry (MS) has become a central analytical technique for proteomics research. 
Molecular MS is a very effective for structural identification of proteins in a 
biological system, and also for relative protein abundance assay. Elemental MS 
(especially inductively coupled plasma mass spectrometry, ICP-MS), which is the best 
element analysis technique so far available, can realize the protein abundance 
screening and absolute protein quantification via measuring the endogenous 
heteroatoms in the protein molecules and/or exogenous heteroatoms labeled onto the 
proteins when coupled with an effective separation technique or a protein-specific 
recognition route. Especially with chemistry-or biology-based labeling strategies, the 
selectivity and sensitivity of protein analysis can be significantly improved when 
using molecular and elemental MS together. The absolute quantification of proteins 
can be achieved using ICP-MS together with isotope dilution because of its smart 
capability of multi-elements/isotopes analysis. 
 In this thesis, we developed several novel strategies based on endogenous 
element-tag and/or exogenous element-tag, which was labeled onto the proteins, in 
order to selectively recognize and absolutely quantify the proteins. These will be 















Chapter 1, background knowledge of proteins and recent development of 
techniques and methods for protein analysis are briefly introduced and reviewed. 
Chapter 2, based on endogenous selenium tag, a new method for quantifying the 
selenoproteins (selenoprotein P and glutathione peroxidase) and Se-containing protein 
(selenoalbumin) in human plasma was developed using ICP-DRC-MS together with 
anion exchange chromatography. A species-unspecific isotope dilution strategy was 
successfully employed for the absolute quantification of the three proteins. 
Chapter 3, the metallothioneins-2 is used as a model protein to study its 
interaction with three metallomes (“Fe、Co、Ni、Cu、Cd”, “Ru、Rh、Pd、Ir、Pt、
Au” and “La、Ce、Pr、Nd、Sm、Eu、Gd、Tb、Dy、Ho、Er、Tm、Yb”). The developed 
analysis platform allows screening most efficient element-tag for specific labeling 
target protein, and paves a new way not only for metallomics study but also for 
protein analysis using ICP-MS. 
Chapter 4, based on a systematic study of the label-behavior of a series of 
mono-functional organic Hg tags including CH3Hg+, C2H5Hg+, C7H5O2Hg+ and 
C20H7O5Br2Na2Hg+ towards two model proteins (β-lactoglobulin and ovalbumin), we 
designed and synthesized sodium methylmercurythiosalicylate and its 204Hg-enriched 
analogue (CH3Hg-THI and CH3204Hg-THI) for dynamically labeling the proteins 
(avoiding the use of toxic CH3Hg+) to achieve protein absolute quantification using 
ICP-MS coupled size-exclusion chromatography with a species-specific isotope 
dilution strategy. 
Chapter 5, a dual-element labeling strategy was developed for screen and 
determination of potential selenoproteins in Se-enriched yeast using ICP-MS. The 
specific chemical selectivity between CH3Hg-THI tag and –SeH group was validated 
with selenocysteine and glutathione peroxidase. Water-soluble extract of Se-enriched 
yeast was then labeled with CH3Hg-THI, and the potential selenoproteins were 
screened and analyzed based on the signals of Hg and Se using RP-HPLC/ICP-MS. 
 Chapter 6, a conclusion of what I have achieved during my doctoral studies and a 
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Fig. 1-1 Chemical structures of 20 basic amino acids. 
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